
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||||||||||||||||||| 
US 20050251586A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0251586 A1 

Lin (43) Pub. Date: Nov. 10, 2005 

(54) MULTIPLE SELECTABLE FUNCTION (52) US. Cl. ............................. .. 710/1; 257/738; 257/666 
INTEGRATED CIRCUIT MODULE 

(57) ABSTRACT 
(75) Inventor? Mou'shiung Lin, Hsinchu An integrated circuit module has a common function knoWn 

good integrated circuit die With selectable functions. The 
Correspondence Address: . . . 

George 0‘ Sane selectable functions are selected‘ during packaging of the 
28 Davis Avenue knoWn good integrated circuit die. The knoWn good mte 
poughkeepsie, NY 12603 (Us) grated circuit die is mounted to a second level substrate. The 

second level substrate has Wiring connections to the input/ 
(73) Assignee: MEGIC CORPORATION output pads of the knoWn good integrated circuit die that 

select desired input functions and output functions. Further, 
(21) Appl' N05 11/181,175 the Wiring connections on the second level substrate provide 

. _ signal paths to transfer signals to the desired input function 
(22) Flled' Jul‘ 14’ 2005 and signals from the desired output function, and signals to 

Related US Application Data and from the common functions. Also, the Wiring connec 
tions form connections betWeen the input/output pads and 

(60) DiViSiOIl 0f application NO- 09/961,767, ?led On Sep- external circuitry. To select the desired input functions and 
21> 2001> HOW Pat NO- 6>939>747> Which is a Con‘ the desired output functions, appropriate logic states are 
?nua?on of application NO' 09/246>303> ?led on Feb' applied to input/output pads connected to a function selector 
8’ 1999’ HOW Pat‘ NO‘ 6’356’958' to con?gure a functional operation of the integrated circuit 

Publication Classi?cation module. The second level module substrate has connector 
pins to provide physical and electrical connections betWeen 

(51) Int. Cl.7 ........................ .. G06F 3/00; H01L 23/495; the eXternal circuitry and the Wiring connections on the 
H01L 29/40; G06F 7/38 second level substrate. 

CHIP PROCESS 609D D ' E 

SEMI i 
PROCESS : 

l 

REDIST. i . 
META‘- I CUSTOM/COMMON SUBSTRATE 

\l/ I DES IcN PROCESS 74o 
SOLDER BUMP i _‘ 

(WAFER) : 
I. 
I 

\ CH I R TEST I \l! 
COMMON APPL . i SoI_DER 7,45 
DESIGN 720 l l MASK 

\ DICE WAFER I ‘I’ 750 
: SOLDER / 

725k‘ \II I CUSTOM P’TLSTE 
BURN-IN ; DESIGN 755 

I COMP __/ 
730 I], 1 PLACE 
\ DIE TESTING : I. 

I - 2ND 

735 : LEVEL 7/6O 
\ SoRT KNOWN I FINAL __> 

; ASSM/TEST 
I 
l 
2ND LEVEL PROCESS 



US 2005/0251586 A1 Patent Application Publication Nov. 10, 2005 Sheet 1 0f 13 

IIIIINIHW |||||||||||||||||||||||||||||||||||||| Ill. 
00 woo Ba 50 000 “ """HHHHHUHHH.“"Hm“HHH"."WHHU""""HUHHHHMHHHHHHWHJ . ' I . Q C O “ 

Swim o\_ 

a", ....... A---» ...... J .......... -A ......... - 

_ 80 p8 m< 5: So so "2 E? 80 60 W2 5: Ha p8. _ 

ow? _ . p . , n _ 

_ 

/ .Eg in? 3% n 

we 9% 5% _ a . . . . _ 

, I 

2% J5 m% $3 50 5:5 “5.5m # _ 

e P\ u 3.23; 2 mi in IIIHW ..... l o Q Q Q Q lllllllllllllllll { 



Patent Application Publication Nov. 10, 2005 Sheet 2 0f 13 US 2005/0251586 A1 

3% Sim w 62 
wmmooma n_ _ IO 

m5 555 Qz< . 835$ Eow . ./ 

A, QR >\|8N 5m; zomww 58oz jzok 
A, 0mm 

m _ a com $56K / .553 Pm? mNN Eu; . 
55 1E @535 20 _ mug * Fm?, 20530202200 

E10 / 
9 m5 wmmoomm 

:zwm JPN 







Patent Application Publication Nov. 10, 2005 Sheet 5 0f 13 US 2005/0251586 A1 

515 520 
505 

500 | 
l. ____ __J' 

FIG. 50L 
LEGEND 

0 Connect ion 
0 No Connect i on 

i004 005 
: 6 Q 
{D07 008 
l @ l 

{0010 001 1 
looo 
E0013 0014 0015; 

51 5 520 

505 ‘ 

500 

FIG. 5b 
LEGEND 

@ Connect i on 
O No Connect ion 

003 I 
O 1 
00s ; 
O: 
009 I 
O I 

loom, 001 1 0012! 

{OOOE_ 
E0013 0014 0015; 
1000' 



Patent Application Publication Nov. 10, 2005 Sheet 6 0f 13 US 2005/0251586 A1 

515 520 

505 

50o ' 

\> 

F I G . 5 c 
LEGEND 

@ Connection 
O No Connect i on 

l 

loom 001 1 D012: 
{0062: 
50013 D014 D015; » 

515 520 
505 ® 

500 Q a Q) 

\ 003 
-O @ @IO 0 O @ 

i004 D05 D06 
9 @ ®:® O 9 @ 

LEGEND 1007 008 009 
0C . O 9 @‘O O O @ onnect ion : 
ONo Connection |DO1ODO11DQ12 

Q Q @{G O Q Q 
E0013 D014 D015 

6 6 @IO 6 O ® 

6 Q 



Patent Application Publication Nov. 10, 2005 Sheet 7 0f 13 US 2005/0251586 A1 

LEGEND ' 

-@ Connect ion 
0 No Connect ion 





Patent Application Publication Nov. 10, 2005 Sheet 9 0f 13 US 2005/0251586 A1 

A . U \k. 
wmmuoma n_ _ I0 

w_0 QOOO 

_ _ 

. _ 

kmmizmmk " 
\ .553 _ A, m? 

‘a i " oz _ 5H: m _ Q / 

33¢ A u A, on“ 

\\| n58 _ H 

mm“ a 20 _ mug _ zTzmnm J 

59E. 20530 H mm“ 

0mm $0.6m m 

a _ $.22 m6 _ a j 

n: ?njom H . in? 20.228 

. _ 5E ":10 j 

_ 

_ mi 

_ . 

_ . $535 

\I U azam 550m.) 
9R .wmmooma v 29 mg n . \_, 0K wZEmmnm 20220320530 “ . 1252, 

u 5 _ Sm / 
_ A, no“ 

_ 

" mmwooma / 

_ 











US 2005/0251586 A1 

MULTIPLE SELECTABLE FUNCTION 
INTEGRATED CIRCUIT MODULE 

RELATED PATENT APPLICATIONS 

[0001] This application is related to the US. patent appli 
cation Ser. No. 09/258,911, ?ling date Mar. 1, 1999, now 
US. Pat. No. 6,180426 B1, issued Jan. 30, 2001. 

[0002] This application is a Continuation-in-Part of US. 
patent application Ser. No. 09/246,303, ?ling date Feb. 8, 
1999. 

BACKGROUND OF THE INVENTION FIELD 
OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention is related to integrated circuits. 
More particularly, this invention relates to multiple function 
integrated circuits such as Dynamic Random Access Memo 
ries (DRAM) having function selection through Wiring 
connections on a second level substrate onto Which an 
integrated circuit is mounted. 

[0005] 2. Background of the Related Art 

[0006] The structure of a DRAM is Well knoWn in the art. 
Usually a DRAM chip is con?gured to be organiZed as a ><1 
(by 1), x4 (by 4), x8 (by 8), or ><16 (by 16) package by 
selective destruction of fuses internal to the DRAM chip and 
by selectively connecting the data input/output pads to pins 
on a package. The unused pins are not connected to the 
input/output pads of the undesired or unused data transfer 
pads. Refer noW to FIG. 1 for a schematic draWing of the 
structure of a DRAM integrated circuit shoWing the input/ 
output selection function. A DRAM array 100 has multiple 
banks of arrays of DRAM cells. Address signals are applied 
to the address I/O’s 105 and decoded Within column address 
and roW address decoders to select DRAM cells Within the 
DRAM array 100. 

[0007] Control and timing signals 120 are applied to the 
control logic and timing generator 115 to provide the nec 
essary control and timing functions for the DRAM array 
100. 

[0008] Upon applying an address to the DRAM array 100, 
digital data is transferred to or from the DRAM array 100 by 
the internal data bus 110. The internal data bus 110 is 
connected betWeen the sense ampli?er and I/O bus on each 
memory bank. The internal data bus 110 may conceptually 
have a connection for each column of one memory bank, but 
usually is the maXimum data bit Width con?guration of the 
DRAM integrated circuit. 

[0009] The internal data bus 110 is connected to the 
input/output selector 125. The input/output selector 115 
determines the interconnections betWeen the input/output 
buffers 130 and the internal data bus 110. The selection pins 
140 of the input/output selector 125 are connected to the 
selection netWorks formed of the resistors 145a, 145b, and 
145c and the fuses 150a, 150b, and 150c. Alogical one state 
is applied to the selection pins 140, if a fuse 150a, 150b, and 
150c is opened. Alogical Zero state is applied to the selection 
pins 140, if a fuse 150a, 150b, and 150c remains intact. The 
logical states applied to the selection pins 140 determine 
Which connections on the internal data bus 110 are con 
nected to Which of the input/output buffers 130. While, as 
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shoWn, the selector circuits Will draW unacceptable amounts 
of standby current, it is presented here for illustration. Other 
techniques knoWn in the art are used to form the selection 
netWorks. 

[0010] The input/output buffers 130 are connected to the 
pads 135. The fuses 150a, 150b, and 150c of the selection 
netWork are opened either as a masking during a ?nal 
metaliZation or personaliZation by bloWing the fuses 150a, 
150b, and 150c With highly intense laser light prior to 
separation of a Wafer containing the DRAM integrated 
assembly into DRAM modules. 

[0011] Those input/output pads 135 not used for a con 
?guration are not connected to the module connections 
during the neXt level assembly. The fused con?guration 
selection forces the maintenance of inventory of the DRAM 
die for each desired con?guration increasing the dif?culty in 
planning of production of DRAM Wafers. 

[0012] While the structure of the prior art as shoWn in 
FIG. 1 is described for a DRAM, other integrated circuit 
functions such as computational processors (microproces 
sors, microcontrollers, digital signal processors, etc.), pro 
grammable memory, and programmable logic arrays employ 
metal masking or fuse destruction at the Wafer level, and 
making or omitting connections during attachment of the 
functional integrated circuit die to a neXt level package 
assembly. This complicates the semiconductor processing in 
that eXtra masking steps are required for mask programming 
of desired functions of the functional integrated circuit die. 
Each function desired requires a unique mask for the selec 
tion process, further complicating the semiconductor pro 
cess. Additionally, fuse destruction adds an eXtra step in the 
processing of the functional integrated circuit die. 

[0013] FIG. 2 shoWs a process for forming integrated 
circuit modules. The process begins With the formation 200 
of the integrated circuit chip on a semiconductor Wafer. The 
semiconductor process 210 forms the collection of transis 
tors that are the electronic circuits on the semiconductor 
Wafer. The electronic circuits are interconnected by metal 
iZation and are also connected to input/output pads by the 
metaliZation placed on the surface of the semiconductor 
Wafer. During the metaliZation, optional functions may be 
personaliZed to select optional functions. In the case of the 
DRAM of FIG. 1, the fuses 150a, 150b, and 150c are either 
opened or held intact during this process to select the desired 
input/output organiZation options. An alternative to selecting 
the desired input/output organiZation options of the DRAM 
of FIG. 1 is eXposing the metaliZation on the surface of the 
semiconductor substrate that forms the fuses 150a, 150b, 
and 150c to intense laser light to destroy the appropriate 
fuses 150a, 150b, and 150c. 

[0014] The steps of formation of the integrated circuit chip 
is common for all the desired selectable functions until the 
metaliZation to select the desired functions. The integrated 
circuit chips then becomes a custom design. Equally, the 
integrated circuit chip has a common design until the 
destruction of fuses to create the custom personaliZation that 
selects each desired function of the integrated circuit chip. 

[0015] The semiconductor Wafer is placed on a test system 
and each integrated circuit chip is tested 215 for function 
ality. The functioning chips are denoted as functional die. 
The semiconductor Wafer is then diced 220 and the func 
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tional die are separated for further assembly 225 in a ?rst 
level or module package. The selection or omission of 
connections betWeen the functional integrated circuit die and 
the ?rst level package is a custom design particular to each 
combination of desired functions. 

[0016] The input/output pads of the desired functions of 
the functional die are connected by a method such as Wire 
bonding or tape automated bonding to the pins of the ?rst 
level package. The input/output pads of the undesired func 
tion are omitted during the Wire bonding or tape automated 
bonding. The package is tested 230 and inventoried 235 for 
further assembly. 

[0017] The assembly 205 of the second level package 
begins by forming 240 the substrate of the second level 
assembly. Multiple layers substrate are formed having inter 
connection metaliZation that connects the packaged and 
tested die to external circuitry that is present either on the 
second level package or elseWhere Within the electronic 
system. The multiple layers are assembled to form the 
substrate of the second level assembly. 

[0018] A solder mask is placed 245 on the second level 
assembly and a solder paste is placed 250 at all connection 
points of the packaged and tested die. The packaged and 
tested die is attached 255 to the second level assembly. In a 
surface mounted packaging system, the solder paste is 
melted and the pins of the packaged and tested die fused to 
the metaliZation of the second level assembly. The remain 
ing processing of the second level assembly is completed 
260. 

[0019] For integrated circuit modules having multiple 
functions, the metaliZation of the second level assembly 
must be customiZed. Again, this increases the number of 
assembly types required to be inventoried. 

[0020] Us. Pat. No. 5,360,992 (LoWery et al.) discloses a 
semiconductor package, Which alloWs pinouts and bond 
options to be customiZed after encasement of a semicon 
ductor die. The semiconductor package has tWo assemblies 
in a ?rst embodiment and an optional third assembly in a 
second embodiment. 

[0021] A ?rst assembly comprises a semiconductor die 
encased in plastic, ceramic, or other suitable material. All 
available bond options (bond pads) are routed to the exterior 
portion of the package by a ?rst assembly frame. Portions of 
the ?rst assembly frame are exterior to the encasement and 
terminate in exterior pad portions that can be conductively 
bonded to. 

[0022] A second assembly of the invention comprises a 
second assembly frame that provides a means of input/ 
output (I/O) betWeen the packaged die and a next level of 
assembly onto Which it is installed. The second assembly 
frame comprises conductive paths to Which the exterior pad 
portions are connected, the ?rst assembly being conduc 
tively mounted to the second assembly thereby. With the 
tWo-piece embodiment of the invention, the frame of the 
second assembly determines the pinouts (the pin numbers 
associated With each of the signals of the device) of the 
various signals of the die contained Within the ?rst assembly. 

[0023] The optional third assembly, Which, if used, is 
interposed betWeen the ?rst and second assemblies, com 
prises means for “keying” the exterior pad portion desired 
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locations or the second assembly frame. The assembly can 
comprise at least tWo different forms. 

[0024] In the ?rst form, the third assembly is a noncon 
ductive membrane having voids there through, conductive 
paths of the second assembly are located in an “X” direction, 
While the exterior pad portions of ?rst assembly of this form 
are bars extending in a “Y” direction. By selectively placing 
the voids in the membrane, the pads of the ?rst assembly can 
either be connected With the conductive paths of the second 
assembly or isolated from the conductive paths if no void is 
formed. Using the X-Y arrangement, any of the bond options 
can be connected With any of the pinouts. Connecting is 
accomplished by coating the bars With a conductive material 
and interposing the insulative membrane betWeen the ?rst 
and second assemblies. The conductive material ?lls the 
voids, thereby passing signals betWeen the ?rst and second 
assemblies. 

[0025] In the second form, the third assembly comprises a 
?ex circuit as used With tape automated bonding. The second 
assembly has a single design, and the layout of the ?ex 
circuit determines the pinouts and options of the semicon 
ductor device. The ?ex circuit is conductively mounted to 
the ?rst and second assemblies in a fashion consistent With 
tape automated bonding (TAB) technology, for instance With 
solder, or by some other means such as conductive epoxy. 

[0026] US. Pat. No. 5,737,767 (AgraWal et al.) teaches a 
random access memory (RAM) array With a recon?gurable 
bit Width or Word Width. In one embodiment, a recon?g 
urable x-y RAM array is provided Which includes a memory 
array comprised of a plurality of RAM cell columns. The 
RAM cell columns are organiZed into a number of groups 
Where the number of groups corresponds to the bit Width of 
the memory. Each group contains an equal number of 
columns so that the number of columns in a group multi 
number of groups equals the total number of array. The 
number of columns in a group is recon?gurable according to 
the present invention. Thus, When the number of columns in 
a group is smaller, the number of groups is larger and When 
the number of columns in a larger, the number of groups is 
smaller. Thus, the bit Width of the memory is recon?gurable 
by modifying the number of columns in a group, since the 
bit memory corresponds to the number of groups. 

[0027] To access a Word stored in the array, The RAM 
decodes an address and selects one bit from each column 
group. Thus, the Word siZe stored by the RAM is determined 
by the number of columns groups con?gured in the array. 

[0028] AgraWal et al. provides multiplexer (mux) logic 
coupled to each column. Column select logic decodes a 
memory address and provides select signals corresponding 
to the address to the mux logic. The mux selects a particular 
column in the group to be accessed and outputs a column bit 
signal indicative of the memory state of the selected column. 

[0029] Column con?guration logic is coupled to the mux 
logic and combines the mux outputs into memory bit signals. 
The mux outputs combined by the column con?guration 
logic determine the siZe of the column groups from Which a 
memory bit signal is selected. The column con?guration 
logic may be placed in different modes to con?gure different 
column group siZes and thus to recon?gure the bit Width of 
the memory. The column select logic is responsive to the 
con?guration mode and decodes the address for the appro 
priate column group siZe. 
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SUMMARY OF THE INVENTION 

[0030] An object of this invention is to provide integrated 
circuit modules having common knoWn good integrated 
circuit die. Selectable functions of the knoWn good inte 
grated circuit die are chosen during packaging of the knoWn 
good integrated circuit die. Such selectable functions alloW 
a reduction of the variety of integrated circuit components 
during manufacturing and assembly. This provides a method 
to reduce the required inventory of integrated circuit com 
ponents at integrated circuit manufacturers, distributors, and 
integrated circuit users. 

[0031] Another object of this invention is a method of 
assembly of integrated circuit modules to choose selectable 
functions of knoWn good integrated circuit die to be 
mounted in the integrated circuit modules. 

[0032] The integrated circuit module has a substrate of a 
?rst type an integrated circuit to be mounted to the module. 
The integrated circuit has multiple selectable input func 
tions, multiple selectable output functions, common func 
tions, a function selector, all are interconnected and con 
nected to input/output pads. The substrate of the ?rst type is 
mounted to a substrate of a second type. The substrate 
second type has Wiring connections to the input/output pads 
of the substrate of the ?rst type and thus to the integrated 
circuit that select desired input functions and output func 
tions. Further, the Wiring connections on the substrate of the 
second type provide signal paths to transfer signals to the 
desired input function and signals from the desired output 
function, and signals to and from the common functions. 
Also, the Wiring connections form connections betWeen the 
input/output pads and eXternal circuitry. To select the desired 
input functions and the desired output functions, appropriate 
logic states are applied to input/output pads connected to the 
function selector to con?gure a functional operation of the 
integrated circuit. The substrate of the second type has 
connector pins to provide physical and electrical connec 
tions betWeen the eXternal circuitry and the Wiring connec 
tions on the substrate of the second type. 

[0033] The integrated circuit may be a DRAM integrated 
circuit die. The DRAM integrated circuit has a plurality of 
selectable input/output organiZations. Each of the selectable 
input/output organiZations is selected as one of the logic 
states to the function selector and connections from the 
second level substrate to unused input/output function con 
nected to input/output pads of the DRAM are omitted from 
the second level substrate. 

[0034] The integrated circuit may be a common compu 
tational processor (a microprocessor, a microcontroller, a 
digital signal process, etc.). The common computational 
processor has selectable input functions and selectable out 
put functions that include analog-to-digital converters, digi 
tal-to-analog converters, general purpose Word-Width input/ 
output buses, standard compliant serial interfaces, interfaces 
to host processors of a system, control signal inputs and 
outputs, timer/counter inputs and outputs, computer operat 
ing properly signals, and interrupt signals. 

[0035] In one implementation of the integrated circuit 
module, the input/output pads of the substrate of the ?rst 
type are solder bumps, Which are arranged as a ball grid 
array. The selectable input functions and the selectable 
output functions are chosen by creating or omitting voids in 
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a solder mask on the second level substrate during assembly. 
The desired connections are then made to the second level 
substrate and the undesired connections are omitted. 

[0036] The method to form an integrated circuit module 
begins by forming an integrated circuit die having multiple 
selectable input functions, multiple selectable output func 
tions, common functions, and a selector function. The inte 
grated circuit die is created by forming electronic compo 
nents on a surface of a semiconductor Wafer to form the 

multiple selectable input functions, the multiple selectable 
output functions, common functions, and the selector func 
tion. Redistribution metallurgy is then formed on the surface 
of the semiconductor Wafer to form input/output pads con 
nected to the multiple selectable input functions, the mul 
tiple selectable output functions, the common functions, and 
the selector functions. The integrated circuit die is then 
tested to determine functional integrated circuits die. The 
semiconductor Wafer is then diced to separate integrated 
circuit die are then burned-in, tested to ?nd the knoWn good 
integrated circuit die. The knoWn good integrated circuit die 
are then sorted and inventoried. 

[0037] The substrate of the second type is created by 
forming metal interconnections on multiple layers of the 
substrate of the second type, and laminating of the multiple 
layers of the substrate of the second type. The integrated 
circuit module is then assembled by applying a solder mask 
to a component level of said substrate of the second type. 
The solder mask is applied to the substrate of the second 
type so as to have voids to expose the input/output pads of 
the common functions, desired functions of the multiple 
selectable input functions and the multiple selectable output 
functions, and the input/output pads that select the desired 
functions With input and output functions. The solder mask 
Will have the voids omitted to eliminate the connections of 
the non-desired functions of the multiple selectable input 
functions, the multiple selectable output functions, and the 
selector function by coating the input/output pads of the 
non-desired functions. A solder paste is deposited on the 
input/output pads eXposed by the solder mask. The substrate 
of the ?rst type is then placed and secured to the component 
level of the second level substrate. The method is then 
completed With ?nal assembly and test of the integrated 
circuit module. 

[0038] In a ?rst embodiment of the present invention, the 
substrate of the ?rst type is a semiconductor substrate or die 
onto Which the integrated circuit is formed. The integrated 
circuit die is mounted directly to the substrate of the second 
type. The input/output pads of the integrated circuit die are 
either connected or not connected to the corresponding pads 
of the substrate of the second type to activate the desired 
functions of the integrated circuit. 

[0039] In a second embodiment of the present invention, 
the substrate of the ?rst type is a substrate that is to provide 
a connective transformation of the input/output pads of the 
integrated circuit die and the metal interconnections of the 
substrate of the second type. For the second embodiment, 
the substrate of the ?rst type is created by forming metal 
connections that align With input/output pads of the inte 
grated circuit die and eXtend to align With the connections 
points on the substrate of the second type. The integrated 
circuit die is mounted and secured to the substrate of the ?rst 
type. 
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[0040] The substrate of the ?rst type With the integrated 
circuit die mounted is then tested, optionally burned-in, 
sorted, and inventoried. 

[0041] The substrate of the ?rst type With the mounted 
integrated circuit die is then secured to the substrate of the 
second type. The substrate of the second type has the desired 
metal connections made betWeen the substrate of the ?rst 
type and the substrate of the second type to select the 
preferred functions of the integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a schematic diagram of a DRAM illus 
trating the con?guring circuitry of the prior art. 

[0043] FIG. 2 is a How chart illustrating the method of 
assembly of an integrated circuit chip on a second level 
assembly of the prior art. 

[0044] FIG. 3 is a diagram of an integrated circuit package 
illustrating the con?gurability of a knoWn good integrated 
circuit die having multiple selectable functions of the ?rst 
embodiment of this invention. 

[0045] FIG. 4 is a schematic diagram of a DRAM illus 
trating the con?guring circuitry of this invention. 

[0046] FIGS. 5a-5e are diagrams of an area array of 
input/output pads of a DRAM module illustrating the con 
?gurations of the data input/output pins of this invention. 

[0047] FIG. 6 is a schematic diagram of a multiple select 
able function computational processor illustrating the con 
?guration structure of this invention. 

[0048] FIG. 7 is a diagram of a How chart illustrating the 
method of assembly of a knoWn good integrated circuit die 
on a second level assembly of the ?rst embodiment of this 
invention. 

[0049] FIG. 8 is a diagram of an integrated circuit package 
illustrating the con?gurability of multiple a knoWn good 
integrated circuit die having multiple selectable functions of 
this invention. 

[0050] FIG. 9 is a diagram of an integrated circuit package 
illustrating the con?gurability of a knoWn good integrated 
circuit die having multiple selectable functions of the second 
embodiment of this invention. 

[0051] FIG. 10 is a cross sectional vieW of an integrated 
circuit package of the second embodiment of this invention. 

[0052] FIG. 11 is a diagram of a How chart illustrating the 
method of assembly of a knoWn good integrated circuit die 
on a second level assembly of the second embodiment of this 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] For a description of a general description of a 
general embodiment of this invention, refer noW to FIG. 3. 
A multiple selectable function integrated circuit die 300 has 
a plurality of selectable input functions 306 and selectable 
output functions 308 and common functions 304. The select 
able input functions 306 are circuits that implement such 
functions as interface standard receivers, analog-to-digital 
converters, and address and control decoders. The selectable 
output functions 308 are circuits that implement such func 
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tions as interface standard drivers, digital-to-analog convert 
ers, address drivers, data drivers, control drivers, and timing 
signal drivers. The common functions 304 are circuits that 
implement such functions as DRAM array address and 
support functions, SRAM array address and support func 
tions, non-volatile memory array address and support func 
tions, computational processor circuitry such as arithmetic 
logic units and multiply accumulate function, program 
decoder circuits, timing circuits, and address generation. A 
select function 310 is connected to the selectable input 
functions 306, the selectable output functions 308, and the 
common functions 304 by the internal input bus 374, the 
internal output bus 372, and the internal common bus 376. 
The computational processor may be con?gured as a micro 
processor, a microcontroller, a digital signal processor, or 
other complex logic function. 

[0054] The select function 310, is based on the logic states 
of the select signals 378, the common select signals 380, 
output select signals 382, the interconnections betWeen the 
internal input bus 374, the internal output bus 372, and the 
internal common bus 376. Any of the selectable input 
functions 306, selectable output functions 308, and common 
functions 304 that are not to be con?gured are effectively 
disabled and disconnected from those that are being con?g 
ured for a given con?guration of the integrated circuit 
module. 

[0055] Not shoWn in the connections to poWer supply 
voltage sources and to the ground reference points. These 
connections are required for the functioning of the knoWn 
good integrated circuit die 300 and in fact may be connected 
or disconnected from the selectable input functions 306 or 
the selectable output functions 308 as part of the selection of 
these functions. 

[0056] The common input and the common output signals 
386 and 388 that are common to all con?gurations of the 
integrated circuit module are introduced to the common 
input module connectors 336 and are received from the 
common output module connectors 336. The common input 
module connectors 336 have internal module Wiring 390 
connected to the common input module pads 334. The 
common input module pads 334 are connected 332 in a 
predetermined fashion to the common input pads 330 on the 
integrated circuit die 300. Conventionally, input module 
pads 334 are connected to the input pads 330 as Wirebonds, 
tape automated bonds, and solder bumps of ball grid array. 
The common output module connectors 384 have internal 
module Wiring 398 connected to the common output module 
pads 340. The common output module pads 340 are con 
nected 341 in a predetermined fashion to the common output 
pads 338 on the integrated circuit die 300. Conventionally, 
output module pads 340 are connected to the output pads 
338 as Wirebonds, tape automated bonds, and solder bumps 
of ball grid array. The common input signals 386 and the 
common output signals 388 are typically, but not eXclu 
sively, timing control, and test stimulus signals. 

[0057] The selectable input function signals 312 are intro 
duced through the selectable input function module connec 
tors 320. The selectable input function module connectors 
320 are attached to the internal module Wiring 392, Which is 
connected to the selectable input module pads 316. The 
selectable input module pads 316 that Will have desired 
selectable input function signals 312 Will be connected 318 
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to the selectable input/output pads 314 on the integrated 
circuit die 300. The undesired selectable input function 
signals Will be omitted from the connections 318 betWeen 
the selectable input module pads 316 and the selectable 
input pads 314. As described above, the connections 318 
may be Wire bonds, tape automated bonds, or solder bumps 
of a ball grid array. 

[0058] Similarly, the selectable output function signals 
394 are transferred to external circuitry connected to the 
integrated circuit module on a second level of packaging 
through the selectable output function connectors 328. The 
selectable output function connectors 328 are attached to the 
integrated circuit module Wiring 396 to the selectable output 
function module pads 324. The desired selectable output 
function signals 394 are transferred from the desired output 
function 308 to the output pads 322 on the integrated circuit 
die 300. The desired output pads 322 are connected to the 
corresponding selectable output function module pads 324 
and thus to the selectable output function module connectors 
328. The undesired output function signals 394 on the output 
pads 322 are omitted from connection to the selectable 
output function module pads 324. 

[0059] The input function select signal 378, the common 
function select signals 380, and the output function select 
signals 382 are transferred from external circuitry respec 
tively through the input option select module connectors 
348, the common option select module connectors 356, and 
the output option select module connectors 364. The input 
option select module connectors 348, the common option 
select module connectors 356 and output option select 
module connectors 364 are respectively connected through 
module interconnecting Wire to the input option select 
module pads 354, the common option select module pads 
344, and the output option select module pads 362. 

[0060] Generally, the input function select signals 378, the 
common function select signals 380, and the output function 
select signals 382 are logic states established by either the 
poWer supply voltage source Vdd for a logic state of 1 or a 
ground reference voltage GND for a logic state of 0. To 
establish one logic state, the input/output pads 342, 350, 358 
of the integrated circuit die 300 are connected appropriately 
346, 352, 360 to the input option select module pads 354, the 
common option select module pads 344, and the output 
option select module pads 362. Conversely, to establish the 
second logic state, the input/output pads 342, 350, 358 of the 
integrated circuit die 300 are appropriately omitted from the 
connections 346, 352, 360 to the input option select module 
pads 354, the common option select module pads 344 and 
the output option select module pads 362. 

[0061] One technique for implementing the selection of 
the multiple selectable functions of the integrated circuit die 
300 is to place the input/output pads 314, 322, 330, 338, 342, 
350, 358 as an array of connecting pads on the surface of the 
knoWn good integrated circuit die 300. A solder bump is 
applied to each of the input/output pads 314, 322, 330, 338, 
342, 350, 358 in a structure of a ball grid array. By 
connecting or omitting connections to desired input/output 
pads 314, 322, 330, 338, 342, 350, 358 of the integrated 
circuit die 300, the desired functions of the multiple select 
able input functions are “gang-bonded” to the module pads 
316, 324, 334, 340, 344, 354, 362. Since the formation of the 
input/output pads 314, 322, 330, 338, 342, 350, 358 is 
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inherent in the processing of the Wafer containing the 
multiple selectable function integrated circuit die 300, there 
is no additional cost in forming the multiple selectable 
function integrated circuit die 300. HoWever, since only one 
design of the multiple selectable function integrated circuit 
die 300 is maintained, inventory is simpli?ed and costs 
reduced. 

[0062] Refer noW to FIG. 4 for an implementation of an 
embodiment of this invention as a DRAM having multiple 
input/output data Width con?gurations. The structure and 
function of the DRAM array 100 is as described in FIG. 1. 
The internal data bus 110 is connected to the input/output 
pad selector 425. The data bus Width of the internal data bus 
110 is at least the Width of the Widest data bit Width 
con?guration of input/output data bus 455. The input func 
tions 306 and the output function 308 of FIG. 3 are 
combined in this embodiment as the data input/output func 
tions 430, 440, and 450. 

[0063] Data is received from or transferred to the DRAM 
module through the data connections 435, 445, and 455. The 
data connections 435, 445, and 455 are attached to each of 
the data input/output functions 430, 440, and 450. It should 
be noted that While each data input/output function 430, 440, 
and 450 have effective different functions, each data input/ 
output function 430, 440, and 450 may share one or more of 
the data connections 435, 445, and 455. In this case, the data 
input/output functions 430, 440, and 450 establish the data 
bit Width con?gurations and data connections, such as DQO, 
are shared by all the data input/output functions. 

[0064] Each data connection DQ0, DQ1, . . . , DQn is 
connected to the input of a receiver 480 and the output of a 
driver 470. The output of the receiver 480 is the input of the 
demultiplexer 475. Each output of the demultiplexer 475 is 
connected to the input/output selector 425 and through the 
input/output selector 425 to the internal data bus 110. The 
demultiplexer 475 collects singularly, a number of data bits 
equivalent to the number of bits for the internal data bus 110, 
and transfers them through the input/output selector 425. 

[0065] The internal data bus 110 is connected to the inputs 
of the multiplexer 465. The output of the multiplexer 465 is 
the input of the driver 470. The output of the driver 470 is 
connected to one of the data connections DQ0, DQ1, . . . , 

DQn. The multiplexer 465 collects a number of data bits 
from internal data bus 110 through the input/output selector 
425 and serialiZe these data bits for transfer to the one data 
connection. 

[0066] Each of the data input/output functions 430, 440, 
and 450 is comprised of at least one set of the receivers 480, 
drivers 470, multiplexers 465, and demultiplexers 475 con 
nected to one of the data connections DQ0, DQ1, . . . , DQn. 

This alloWs the con?gurations of the input/output data buses 
435, 445, and 455 to be varied as desired. Thus, a single 
DRAM array design can be con?gured With any desired bit 
data Width. 

[0067] The input/output selector 425 selects Which of the 
input/output functions 430, 440, and 450 that are to be 
con?gured Within a package. The select inputs 460 of the 
input/output selector 425 provide the appropriate logic states 
to select the desired input/output con?guration or Which of 
the input/output functions 430, 440, and 450 are to be 
implemented. The select inputs 460 are connected to the 
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option decoder 420. The option decoder 420 is connected to 
the option receivers 425 Which, in turn, are connected to the 
option select connections 410. 

[0068] The DRAM integrated circuit die is processed and 
tested as described above and the knoWn good die are 
inventoried. Mounting the knoWn good DRAM die on a 
second level package such as a “chip-on-chip” structure, a 
ceramic module, a plastic package, a ?berglass reinforced 
plastic printed circuit card, or an insulator coated metal 
selects the desired optional con?guration for the DRAM 
module. 

[0069] Refer to FIGS. 5a-e to discuss an implementation 
of a DRAM module of this invention as eXplained in FIG. 
4. The knoWn good DRAM die of FIG. 4 has its input/output 
connections implemented as an array 505 of solder bumps 
on the surface 500 of the knoWn good DRAM die. The 
selectable data input/output connections 510 and the option 
select connections 515 are placed conveniently on the sur 
face of the knoWn good DRAM die. In this instance, it is an 
area of three columns and siX roWs. 

[0070] This implementation as shoWn is for a DRAM 
having optional organiZation ><1 (by one), ><4 (by four), x8 
(by eight), and x16 (by 16). That is there are four input/ 
output functions requiring tWo option select connections 
Op1 and OP2. The ><1 option activates only the input/output 
function connected to the selectable data input/output con 
nection DQO. The ><4 option activates the input/output 
functions connected to the selectable data input/output con 
nections DQ0, DQ1, DQ2, and DQ3. The x8 option activates 
the input/output functions connected to the selectable data 
input/output connections DQ0, DQ1, . . . , and DQS. And 

?nally, the x16 option activates the input/output functions 
connected to the selectable data input/output connections 
DQ0, DQ1, . . . , and DQ15. 

[0071] Refer noW to FIGS. 5b-5e for an eXample of the 
implementation of the DRAM of this invention. FIG. 5b 
illustrates the implementation of the x1 organiZation. In this 
option, the option select connections 515 are made betWeen 
the knoWn good DRAM die and the second level package to 
connect to the necessary logic states to activate the x1 
option. The DQO input/output connection of the selectable 
data input/output connections 520 is made to the second 
level package for transfer of digital signals. The remaining 
selectable data input/output connections DQ1, DQ2, . . . , 

DQ15520 are masked and the solder balls are not alloWed to 
connect to the interconnecting Wiring of the second level 
substrate. 

[0072] FIG. 5c is a ><4 organiZation. In this option, the 
input/output function is selected by the option select con 
nection OP1 being connected to the second level package to 
place the appropriate logic states at the option desired. The 
option select connection OP2 is omitted from being made. 
The selectable data input/output connections DQ0, DQ4, 
DQ8, and DQ12 of the input/output connections 520 are 
connected to the second level package. The remaining 
selectable data input/output connections DQ1, DQ2, DQ3, 
DQ5, DQ6, DQ7, DQ9, DQ10, DQ11, DQ13, DQ14, and 
DQ15 are masked and those connections are omitted. 

[0073] FIG. 5a' is a x8 organiZation. In this option, the 
input/output function is selected by connecting the option 
select connection OP2 and omitting the connection of the 
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option select connection Op1 from the second level package 
to place the appropriate logic state at the option decoder. The 
selectable data input/output connections DQ0, DQ2, DQ4, 
DQ6, DQ8, DQ10, DQ12, and DQ14 are af?Xed to the 
second level package and the selectable data input/output 
connections DQ1, DQ3, DQ5, DQ7, DQ9, DQ11, DQ13 and 
DQ15 are omitted from the second level package. 

[0074] The x16 option of the knoWn good DRAM die is 
shoWn in FIG. 56. The x16 option is selected by omitting the 
option select connections Op1 and OP2 from the second 
level package to place the appropriate logic state at the 
option decoder. All of the selectable data input/output con 
nections 520 are joined to the second level package. 

[0075] The Wiring connections of the second level pack 
age onto Which the knoWn good DRAM die is mounted can 
have those Wiring tracks to implement all options. The 
masking stage of the module assembly and the placement of 
the solder paste determine the option implementation of the 
DRAM module. Alternately, the interconnection pads that 
Will accept the selectable data input/output connections 520 
may be omitted and any unnecessary Wiring tracks on the 
second level package may be omitted. This alloWs routing of 
Wiring tracks of the external circuitry on the second level 
module to change common computational die to selectable 
function computational die. 

[0076] A second implementation of the embodiment of 
this invention is shoWn in FIG. 6. A digital computational 
processor module has selectable functions to a common 
computational die 600 to be con?gured during mounting to 
a second level package according to desired optional func 
tions. The optional function con?gures the common com 
putational die as a general-purpose microprocessor, a special 
function microprocessor, a microcontroller, or a digital 
signal processor. The common computational die 600 has 
selectable input functions and selectable output functions 
605 that include analog-to-digital converters, digital-to 
analog converters, general purpose Word-Width input/output 
buses, standard compliant serial interfaces, interfaces to host 
processors of a system, control signal inputs and outputs, 
timer/counter inputs and outputs, computer operating prop 
erly signals, and interrupt signals. The selectable function 
computational die has common input functions and common 
output functions 615 such as a test interface to provide test 
stimuli and response for the digital computational module. 
Other selectable input and output functions 635 Will be the 
address, data, and control functions to interface to eXternal 
memory array. 

[0077] The internal structure of the selectable function 
computational die 600 includes certain functions of the 
computational processor 620. Common functions are func 
tions like program and control decoder logic 621 and 
address generation logic 622. The selectable functions are 
the data arithmetic/logic unit 623 and the digital signal 
processing multiply accumulate unit 624. Other internal 
selectable functions 625 are the internal program and data 
memory and the internal timing circuits. The selectable input 
and output functions 605, 635, the common input and output 
functions 615, the internal selectable functions 625, and the 
computational processor 620 are interconnected With the 
data and control bus 630. 

[0078] The option select signals 640 provide the appro 
priate logic states to function select circuit 610 to determine 










